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The use of a "bypass" or "beam siding" for an accelerator was first proposed by T. L. Collins and has been investigated in connection with the Brookhaven National Laboratory Design Study for a 300-1000 Bev Accelerator (l96l). More recently, a proposal has been made to construct a bypass with a "low-β" insertion for the Cambridge Electron Accelerator in order to undertake colliding-beam experiments (Robinson and Voss, 1965, and Livingston, 1966). 
The addition of a bypass to the proposed CERN 300 GeV Proton Synchrotron could considerably extend the experimental facilities and the potentialities of the machine. Some of the possibilities opened up are: 
i) The setting up of experiments close to a machine orbit whilst the accelerator is in operation with other experiments. 
ii) Localisation of beam loss and activation resulting from internal targetting and slow resonant extraction. 
iii) Flexibility of modifying the local geometry of the accelerator to suit special experiments, for example, a very long field-free section. 
iv) Provision of a "low-β" insertion for colliding beam experiments with a single storage ring. 
v) Manipulation of the circulating beam for stacking in betatron phase space over a fraction of the circumference in order to produce, for example, a short-duration, high intensity burst for neutrino experiments. 
vi) Various beam transfer schemes for extending the possible future uses of storage rings. 
The feasibility of a bypass for the CERN 300 GeV project has already been considered in outline (Montague, 1967). In the present paper, we shall concentrate on those aspects which appear to offer the most interesting long-term possibilities, and on those problems which take us outside the current range of accelerator practice. 
For the purposes of discussion, it is convenient to use the parameters of the 300 GeV machine given in the Design Study Report (CERN 1964). However, if, at the time of authorisati on of the 300 GeV project, It were decided to provide for the later addition of a bypass, the final design of the main ring could take this into account in the optimum manner. 
2. Basic Geometry 
In order to construct a bypass with a degree of flexibility we envisage, the use of superconducting bending magnets seems to be essential. We assume that, In a few years from now, d. c. superconducting magnets can be made to the necessary tolerances on field uniformity and stability, with fields up to about 5 tesla and at costs comparable to those of conventional magnets and their power supplies. 
A proton bypass must be located to the inside of the main ring, to minimize the total bending angle required. For maximum separation between bypass and main ring orbits, all the bending is concentrated at the extremities of the bypass, leaving one very long straight channel containing focusing elements only. Such a layout is shown in Fig. 1, where the bypass bridges two of the 12 superperiods of the main ring. An average radius of 240 m for the end arcs assumes that the bending magnets would operate at 5 tesla and that about 20% of the arcs would be required for quadrupoles and field-free regions. The bypass then has a straight length of 960 m and a maximum separation from the main ring of 138 m. 
For superconducting bending magnets with an aperture of 7 cm x 14 cm, the total volume of the useful field region is around 2 m3, equivalent to a medium-size bubble chamber. 
Since it is essential to be able to use the RF system with a beam passing through the bypass, the path length difference from the main ring must be an integral number of RF wavelengths. In our example this is about 27 wavelengths, or 45 m. 
There could be some advantages in bringing the central region of the bypass up above the main ring level by means of vertical bending near the ends. For reasonable height differences this does not present a serious problem, but whether or not it would be useful will depend strongly on the nature of the site finally chosen. 
3. Bypass Structure Parameters 
Since the beam has to be able to circulate through the bypass for hundreds of milliseconds, the normal criteria for A.G. synchrotrons apply to the bypass structure also. The betatron phase advance through the bypass must be such that the Q of the whole system is acceptable from the point of view of closed-orbit distortions and betatron matching. 
The simplest situation would be to make the phase advance of the bypass equal to that of the corresponding part of the main ring. However, the use of low-β insertions, with their rapid phase advance, might make this impracticable. It would then be necessary to design for an additional 2nπ in the bypass, which would result in an abrupt integral change in Q on transfer. 
The choice of lattice type for the arcs of the bypass will depend very much on the state of superconducting magnet technology. The simplest assumption is that of a separated-function lattice with uniform field superconducting magnets and conventional quadrupoles. Such a choice increases the importance of the momentum 
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compaction function αp compared with the betatron amplitude function. This can be seen by considering the scaling laws of the differential equation for αp: 
d2αp 
ds2 + K(s)αp= 
1 
(s) 
For a given K(s) it is evident that αp(s) scales with the curvature l/(s). Although an increase by a factor of 5 or so in αp might be quite acceptable from the point of view of aperture in the bypass, it would tend to make more critical the matching of αp at the transfer points. 
A somewhat less conservative assumption is that the quadrupoles are also superconducting. If K(s) and l/(S) both scale with the same factor f, then (αp)max is unchanged and (dαp/ds)max is increased by f, so the matching problem is shifted to (dαp/ds). A compromise which shares the possible mismatch between αp and its derivative, would be to scale K(s) by a factor f½, either by using a modest amount of superconducting quadrupoles, or by apportioning a larger fraction of the arcs to normal quadrupoles. 
Matching of the vertical and radial betatron functions and their derivatives at the transfer points is of course essential. Although this should present no basic difficulty, the marked difference between the parameters of the main ring structure and those of the bypass will probably make it necessary to use a lumped matching section rather than a smooth transition between the periodic structures. Such a matching section could also include provisions for matching the momentum compaction. 
The straight part of the bypass has zero intrinsic momentum compaction which would normally be matched at the arcs. However, for some experimental and ejection methods requiring a region with dispersion, either a controlled mismatch of αp at the arcs, or an arrangement of bending magnets could be used. 
The use of superconducting magnets will impose a general tightening of tolerances on these components, as compared with the situation in normal A.G. synchrotrons. In general, the field uniformity and stability, and the tilt error of the median plane, may have to be 4 - 5 times better than is customary at present. These rather formidable requirements are eased somewhat by the fact that the fields are static rather than pulsed, and that more of the vacuum chamber is available at high energies for closed-orbit distortions and coherent betatron oscillations, at least during setting-up. 
4. Transfer of Beam into Bypass 
Transfer of the beam would take place under bunched conditions, to maintain radial control, and with B = 0. Kickers would be synchronised with the gaps in the bunch structure associated with the transfer from the booster to the main ring, in order to avoid unnecessary beam loss at high energy. 
The initial stage of transfer would be similar to fast ejection, using a system of kicker and septum magnets with mirror symmetry at the two ends of the bypass. However, a fast-rising kicker cannot maintain its deflection for several hundred milliseconds, so further means are necessary to maintain the new closed orbit. There are at least three ways of doing this, all depending on the kicker characteristics shown in Fig. 2. 
A normal delay-line kicker magnet without any additional storage line is discharged by the closing of S. At the instant the voltage step reaches the opposite end and starts to swing negative, S2 is closed and the magnet current continues to flow, decaying with the time constant L/R of the magnet. Since this time constant can readily be made of the order of 10-20 milliseconds, the closed orbit will change adiabatically during this decay period. 
If we do no more than let the kickers decay, we have a transfer similar to that of the CEA proposal, ending up with a closed orbit similar to CB of Fig. 3. This particular example supposes a betatron phase advance of (2n + 1)π around the main ring between the kickers. 
Another method, shoyn in Fig. 4(a), provides a variable closed-orbit "bump" to take up the decaying deflection of the kickers. In Fig. 4(h), RF radial control is used to achieve the same result, but here it would be necessary to control also the deflection of the septum magnet. In both these latter methods, the controlled elements could obtain their information either from the current in the kicker or from beam position electrodes. 
All these methods require some spare radial aperture in the machine, either locally or generally. The CEA method requires the most, but opens up some interesting possibilities for stacking in betatron phase space inside the machine. We shall not go into details here, but It is worth noting that, by timing the kickers appropriately and by choosing their operating mode, i.e. fast on-off or slow decay, it is possible to have one part of the circulating beam on the normal closed orbit and another part on the oscillatory closed orbit going through the bypass. Since these orbits have different circumferences, one part of the beam catches up on the other and can be stacked in radial betatron phase space at the appropriate moment. This process can be repeated to the limit of available aperture, pulsed quadrupoles being used to shape the beams in phase space as necessary. 
5. C l iding-Beam Facilities 
If it were decided to add one or more proton storage rings to the 300 GeV machine, the presence of a bypass would offer some useful advantages. Not only would normal transfer to the storage rings be si plified, but by using the procedure described In Section 4, betatron stacking could be carried out in the 300 GeV machine before transferring the beam into the storage ring, thus eliminating the problems of multiturn injection into the latter. 
One example of an advanced storage ring facility is shown in Fig. 5. We have supposed that the first step would be the addition of a conventional storage ring of 15-25 GeV, intersecting the bypass at I1. Although this ring could be filled directly from the booster, as originally proposed by Schoch and Zilverschoon (see Johnsen, 1964), the length of the transfer tunnel with the present booster position would make this unattractive economically. Instead, one could probably use the main ring as a transfer route from the booster followed by a relatively short transfer tunnel. This would also permit injection into the storage ring at a somewhat higher energy than 8 GeV, using a short acceleration in the main ring before transfer. 
The second step shown on Fig. 5 is the addition of a 300 GeV superconducting storage ring, filled through a transfer tunnel from the beginning of the bypass. This ring would intersect with the small storage ring at I2 and with the bypass at I3 , offering a selection of colliding beam facilities at various centre-of-mass energies up to 600 GeV. 
Recent work by Keil and Sessler (l967), reported at this Conference, suggests that the fundamental limits to storage-ring luminosity may be many orders of magnitude higher than previously believed. We have used some of their examples to make rough estimates of the range of ultimate limiting luminosity for each of two storage rings similar to those of Fig. 5, intersecting with a beam of 3 × 1013 protons circulating in the bypass. If we take the CERN-ISR design luminosity of 4 × 1030 cm-2 sec-1 per interaction region as unit, we obtain the approximate figures given in Table I. 
This table also indicates the nominal design performance and the theoretical limit performance of the ISR following both CPS and possible ISR improvement programmes (Courant, Keil and Sessler, 1967, reported at this Conference). Since the luminosities for the speculative storage rings must be reduced by large practical and economic factors, it is clear that a single 25 GeV storage ring in conjunction with the normal beam in the bypass would have a low luminosity compared with even a modestly improved ISR. The situation would be appreciably better for a single ring at 250 GeV, but still not comparable with that of a pair of storage rings. 
6. Conclusions 
A bypass for the 300 GeV synchrotron would be a useful future facility, both for conventional exploitation techniques and for more sophisticated schemes, including colliding-beam experimentation. 
The general use of superconducting elements permits a high degree of flexibility but imposes rather tight tolerances, probably necessitating good facilities for closed-orbit correction. 
Transfer into the bypass presents no fundamental problems, but will require a flexible arrangement of kickers, pulsed septum magnets and pulsed quadrupoles for full versatility. 
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The bypass would facilitate the later addition of proton storage rings and contribute much to the flexibility of colliding-beam experimentation. For a single 25 GeV storage ring, the low luminosity may be a high price to pay for a factor of 3.5 in centre-of-mass energy over the CERN ISR, and a pair of 70 GeV storage rings might be considered a better choice for the first colliding beam project. A single 300 GeV storage ring might show up better for luminosity in addition to the increased centre-of-mass energy available. 
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TABLE I 
Centre-of-mass Energy (GeV) 
Luminosity without low-β quadrupoles 
Luminosity with normal low-β quadrupoles 



















0.24 to 38 
1.6 to 590 




1.2 × 107 
Luminosities given in units of 4 × 1030 cm-2 see-1 for 1 interaction region. 
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DISCUSSION (condensed and reworded) 
J.M. Paterson(CEA): The switching system for the CEA Bypass which has been designed and constructed differs from the earlier design to which you refer in that it leaves the un-bypassed portion of the orbit undisturbed. It is described in a paper to be published in the proceedings. 
E.D. Courant (BNL): Could you estimate what increase in aperture is required in the compensated kicker scheme you described? 
Montague: We have not studied the orbit parameters and therefore cannot give you a quantitative answer. 
A.A. Kolomensky (Moscow): Have you considered increasing the number of bypasses in order to increase the order of super periodicity and at the same time take a step towards possible concentric intersecting storage rings? 
Montague: We considered this bypass in the financial framework of a possible improvement program. Very preliminary estimates indicate the cost of this design at around 25 million dollars. However if one begins increasing the number of such bypasses one soon reaches the cost of another 300 GeV synchrotron. 
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FIG.1 GEOMETRY OF BYPASS FIG. 2 SLOW-DECAY KICKER MAGNET 
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FIG. 3 CEA METHOD OF TRANSFER INTO A BYPASS FIG. 4 ALTERNATIVE TRANSFER METHODS 
DETAIL AT ENTRY OF BYPASS 
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FIG. 5 LAYOUT OF BYPASS WITH POSSIBLE FUTURE FACILITIES 
